This study was performed to determine the prevalence of Campylobacter species in retail chicken meat and chicken by-product, determine their in vitro cytotoxicity, as well as, examine their susceptibility to different antimicrobials. A total of 300 raw chicken meat samples were collected from different retail chicken meat outlets located at Mansoura city, Egypt classified into 120 thighs, 120 breasts, and 60 livers. All samples were subjected to conventional culture techniques and confirmed as Campylobacter jejuni by real time polymerase chain reaction (PCR). Antimicrobial susceptibility of Campylobacter species was determined using disc diffusion method to determine their susceptibility to 12 different antimicrobial agents. In addition, C. jejuni isolates were examined for their cytotoxicity against Vero cells. The overall prevalence of Campylobacter spp. was 10.3% (31/300) classified into 20 (18.2%) C. jejuni and 11 (10.7%) Campylobacter coli. Among C. jejuni isolates (n=20), 15 strains belonged to biotype I and 5 isolates belonged to biotype II. The isolation rate from chicken thighs, breasts and livers was 12.5, 10 and 6.6%, respectively. A total of 15 (75%) C. jejuni strains revealed cytopathic effect (CPE) against Vero cells. Campylobacter spp. displayed a high antimicrobial resistance against penicillin G, gentamicin, trimethoprim-sulfamethoxazole, cephalothin, erythromycin, and chloramphenicol. On the other hand, Campylobacter spp. displayed high sensitivity to ciprofloxacin and nalidixic acid. Multidrug resistance was observed in 85 and 81.82% of C. jejuni and C. coli isolates, respectively. High frequency of cytotoxicity and multidrug resistance in Campylobacter spp. from chicken meat indicates an important epidemiological role of Campylobacter spp. in human infections which necessitate proper hygienic measures on poultry farms and control measures during carcass slaughtering and processing.
INTRODUCTION
Campylobacter jejuni is a major zoonotic pathogen that causes food-borne gastroenteritis worldwide (Bronowski et al., 2014) . Poultry meat and poultry by-products are the major sources of infection to humans (EFSA, 2016) .
Campylobacter is considered a part of saprophytic microflora in the digestive tract of poultry and frequently transmitted from contaminated chicken meat either by ingestion of undercooked or raw chicken meat contaminated with the Campylobacter or handling of poultry meat and meat products during food processing procedures (EFSA, 2016) . Campylobacter infections in human are self-limiting and the infection usually lasts for only one week, but the illness may relapses in some untreated cases. Campylobacter infections symptoms range from mild to severe symptoms. It usually started after 2 to 5 days after ingestion of the contaminated food including, fever, headache, nausea and diarrhea (Campbell et al., 2006) . Infrequently, Campylobacter infections cause life threating infection if it spread to blood stream and causes multiple diseases all over including, pseudoappendicitis, abdominal cavity, central nervous system, gallbladder, or urinary tract infection (Campbell et al., 2006) . C. jejuni infection may result in serious post-infectious sequelae, the most important sequel are Reiter's syndrome or Hemolytic Uremic Syndrome (HUS), and rarely resulted in neurological disorder known as Guillain-Barré syndrome (GBS), which manifests as sever neurological signs and paralysis which may result in respiratory dysfunction, and eventually death (Murray et al., 2007; Nachamkin, 2008) .
Campylobacter has numerous virulence factors which contribute to its survival and establishment of the disease, but four major virulence factors have been identified which include motility, adherence, invasion and toxin production and these toxins had biological activity on tissue culture cell lines (Wassenaar, 1997) .
The excessive and misuse of antibiotics in the treatment of infections, prophylaxis, as well as a growth promoters in Egypt has resulted in the development and spread of drug resistances which represents a public health problem (Levy and Marshall, 2004) . Hence, the aims of this study were to recognize the prevalence and antimicrobial susceptibility of Campylobacter species isolated from retail chicken meat and chicken products sold in Mansoura city outlets, and to investigate the cytolethal distending toxin (CDT) activity of C. jejuni against Vero cells.
MATERIALS AND METHODS

Collection of samples
A total of 300 raw chicken meat samples and chicken products classified into 120 thighs, 120 breasts and 60 livers were collected from retail outlets in Mansoura city, Dakahlia Governorates, Egypt. Samples were obtained from three street markets (n = 100), four supermarkets (n =100), and two slaughterhouses (n = 100). Poultry samples were collected, 20 specimens by visit during the period between March and August, 2016. Each chicken sample was individually packed into a clean polyethylene bag and transferred directly to the laboratory in an ice box under aseptic conditions.
Isolation of Campylobacter spp.
Isolation of Campylobacter from the chicken meat samples was performed according to ISO 10272-1:2006 (ISO, 2006 ; briefly, 10 g of chicken meat was aseptically taken and placed into a clean sterile plastic bag. The plastic bag was filled with 90 ml of Bolton broth (CM0983, Oxoid) with selective supplement (SR0183, Oxoid), and the samples were mixed in a stomacher for 1 min and incubated at 37°C for 4 to 6 h under microaerobic conditions (Campygen, Oxoid) followed by 41.5 ± 0.5°C for 48 h. Approximately, 10 μl of the previous enrichment broth was streaked into the surface of mCCDA (PO5091A, Oxoid, Basingstoke, UK) with supplement (SR0155, Oxoid) plates media and incubated under microaerobic conditions at 41.5 ± 0.5°C for 48 h. Presumptive colonies of Campylobacter were purified onto Columbia blood agar (Oxoid) plates and incubated under microaerobic conditions at 41.5 ± 0.5°C for 24 h. Presumptive colonies that displayed typical growth on the mCCDA, Gramnegative with corkscrew-like darting motility, oxidase-positive were considered to be Campylobacter Biotyping of C. jejuni were performed according to Benjamin and Skirrow (1980) . To confirm the biochemical identification, the isolates were subjected to Real Time PCR targeted hippuricase enzyme encoded by hipo gene.
Real time PCR for C. jejuni
A real-time probe based quantitative PCR (qPCR) reaction was used for the confirmation of C. jejuni isolates. DNA extraction of C. jejuni was performed using boiling method according to De Medici et al. (2003) . The sequences of primers and probe used for amplification of hippurhipO gene specific for C. jejuni are listed in Table 1 ( Benson et al., 2002) . PCR reaction was performed in a total volume of 25 μl containing 0.4 mM of each dNTP, 1× reaction buffer, 2.5 mM MgCl2 (Thermo Fisher Scientific, USA), and 1 U Platinum Taq DNA Polymerase (Life Technologies, USA). A positive control tube was also included. PCR condition concerning the MX3005P of Stratagene Cycle included initial denaturation at 94°C for 30 s followed by denaturation at 94°C for 30 s (40 cycles), annealing and extension ranged from 57 to 64°C for 60 s (Benson et al., 2002) . The probes were conjugated with the fluorescent reporter dyes FAM and VIC (DNA Technology, Aarhus, Denmark) for C. jejuni, respectively, at the 5' ends and with the quencher dye MGBNFQ (Minor groove binder-non fluorescent quencher) at the 3'ends. The nucleotide sequences were retrieved from the Gene Bank sequence database under accession numbers Z36940 (HipO).
Cytopathic effect of C. jejuni live cells and their cytotoxins on Vero cells
Extraction of cytotoxins
Campylobacter cells growth were harvested in 10 ml of Brucella broth (Difco) supplemented with Campylobacter growth supplements (Oxoid), and then incubated at 42°C for 48 h (Misawa et al., 1994) . Bacterial density was determined from absorbance measurement at 55 nm (Schmicz, Germany) and correlated to colony forming units (cfu) . Then, cultures were centrifuged at 5000 g/15 min and the supernatant was filtrated through a 0.22 Mm Nitrocellose Membrane filter (Millipore). The resultant supernatant was tested for sterility using Campylobacter selective media (mCCD). 
Target species
Primer and probe Type Target gene Sequence (5 -3) 
Vero cells
Determination of cytotoxicity of C. jejuni isolates obtained was performed on Vero cells. They were used for live bacterial cells as well as for cytotoxins assay and they were from African green monkey kidney (Vero) cells which is being supplied from Animal Health Research Institute, Dokki, Giza, Egypt. The cell viability was determined by trypan blue dye uptake. Suspension of all cell lines were prepared in eagle minimal essential media (MEM, Sigma) supplemented with 7.5% sodium bicarbonate, 10% fetal calf serum, 3% glutamine, 100 I.U/ml penicillin and 100 Mg/ml streptomycin. Cells were seeded in sterile screw capped glass Leighton tube (KIMAX) and incubated at 37°C for 24 h to allow adhering under normal atmosphere condition. When the cells become confluent, the growth medium was removed. Confluent monolayer of these cell lines were incubated with bacterium free supernatant fluids of various dilutions at 37°C (two fold dilutions of supernatant tested 1/2 to 1/4). The control groups included sterile Brucella broth was inoculated into cell culture and incubated at 42°C for 48 h, under the same condition described earlier. The cover slip was fixed with 95% methanol for 5 min and stained with 10% Giemsa stain for 20 min, then, it was washed with water and used cover slips were airdried (Al-Delaimi, 2009).
Antimicrobial susceptibility of Campylobacter isolates
Campylobacter isolates were subjected to antimicrobial susceptibility testing including 20 C. jejuni and 11 Campylobactercoli strains tested using agar disk diffusion method (CLSI, 2014) on Muller-Hinton agar (Oxoid, CM0337) supplemented with 5% defibrinated horse blood. Plates were incubated at 42°C for 48 h under microaerobic condition. Antimicrobial agents used in this study included 12 different antimicrobials belonging to different classes including, penicillin (10 μg), ampicillin (10 μg), amoxicillin/clauvlanic acid (30 μg), erythromycin (15 μg), oxytetracycline (30 μg), nalidixic acid (30 μg), ciprofloxacin (5 μg), cephalothin (30 μg), gentamicin (10 μg), streptomycin (10 μg), and sulphamethoxazole/trimethoprim (25 μg) and chloramphenicol (30 μg).
RESULTS AND DISCUSSION
Poultry and meat products represent the main vehicle for the distribution of Campylobacter infection (Pitk¨anen, 2013) . In this study, the prevalence rate of Campylobacter spp. in chicken meat was 10.3% (31/300) classified into C. jejuni 64.5% (20/31) and C. coli 35.48% (11/31) which was in agreement with Nisar et al. (2018) . All C. jejuni isolates were confirmed by real time PCR (Figure 2 ). The distribution of Campylobacter spp. in thighs, breasts and livers samples was 12.5, 10 and 6.6%, respectively (Table 2 ). Among C. jejuni samples, 15 strains belonged to biotype I and five strains belonged to biotype II ( (Shin, 2000; Willis and Murray, 1997) ; which is definitely, the first contamination rate of poultry meat depending on post slaughter treatments, temperature control and hygiene management during the food processing or storage (Campbell et al, 2006) . In the present study, C. jejuni was the most prevalent species identified from chicken samples which is in close agreement with those reported world-wide in different studies in which C. jejuni was the most prevalent than other Campylobacter spp. (Andrzejewska et al., 2015; Guyard-Nicodème et al. 2015; Suzuki and Yamamoto, 2009; Whyte et al., 2004) Among C. jejuni positive samples, C. jejuni biotype I was the predominant biotype detected in the current study shown in Table 2 . Similarly, Adesiyun et al. (1992) and Shaheen et al. (1994) concluded that C. jejuni biotype I was the predominant C. jejuni biotype isolated from poultry meat and poultry meat products and being frequently associated with human enteric infection.
In vitro demonstration of cytotoxins produced by C. jejuni isolates suggests a correlation between pathogenic virulence factors and clinical symptoms. Vero cells are employed to study the effect of microbial toxins and provide a useful, sensitive and reproducible experimental method for the study of pathogenic mechanism. Other investigators referred to association of cytotoxins production with a clinical history of bloody diarrhea, but enterotoxin production with watery diarrhea (Lee et al., 2000; Prasad et al., 2006) . In this study, cytotoxinproducing capacity was detected in most of the strains tested (75%, 15/20). Moreover, Vero cells cytotoxicity was represented by rounding and detachment of cells. This activity was observed after 24, 48 and 72 h after incubation with titers which varied from 1/2 to 1/4 for cytotoxic isolates (Table 3 and Figure 1 ). High prevalence of cytotoxicity in Campylobacter spp. indicates a significant epidemiological role of Campylobacter in human infections which was in agreement with many previous investigators (Klipstien et al., 1985; Johnson and Lior, 1986; Florin and Antillon, 1992) .
In Egypt, due to the excessive use of antibiotics for treatment and prophylaxis as well as growth promotion in chickens, poultry meat is considered a serious vehicle of antimicrobial-resistant Campylobacter transmission to human. Antibiotic susceptibility rates of Campylobacter isolates are shown in Table 4 . There was a remarkably high resistance rate displayed by C. jejuni and C. coli to penicillin (95 and 90.1%), chloramphenicol (90 and 90.1%) and gentamicin (80 and 81.81%), respectively. Campylobacters also revealed a high antibiotic resistance against trimethoprim-sulfamethoxazole (85 and 81.81%), cephalothin (75 and 72.72%), erythromycin (75 and 72.72%), ampicillin (70 and 54.5%), amoxicillin-clauvlanic acid (65 and 63.63%), oxytetracycline (65 and 63.63%), and streptomycin (65 and 63.63%), while they revealed a lower resistance against nalidixic acid (30 and 36.36%) and ciprofloxacin (10 and 18.81%) for C. jejuni and C. coli, respectively. Multidrug resistance (Resistance to three or more classes of antimicrobials) was observed in 85% (17/20) and 81.82% (9/11) of C. jejuni and C. coli isolates respectively. While, none of the Campylobacter isolates were resistant to all of the antimicrobials tested. In this study C. jejuni showed remarkable higher incidence in antimicrobial resistance than C. coli. These findings were in agreement with that previously reviewed in many studies (Saleha, 2002; Sáenz et al., 2000; Aarestrup and Engberg, 2001; Taremi et al., 2006) . In contrary, C. coli showed a higher prevalence of antimicrobial resistance than C. jejuni by Signorini et al. (2018) In this study, Campylobacter isolates were more sensitive to ciprofloxacin which is in agreement with McDermott et al. (2002) and Moore et al. (2005) who stated that ciprofloxacin was the drug of choice for empirical therapy of bacterial food borne diarrhea, including that caused by Campylobacter. In addition, Kassa et al. (2007) found that C. jejuni, C. coli and C. lari isolated from food animals were sensitive to chloramphenicol and ciprofloxacin. Finally, a complete comparison in the susceptibility of Campylobacter to different antimicrobials is impossible as the strains numbers examined differ from one study to another.
Conclusion
The results obtained from this study suggest an important role of chicken meat as a source of cytotoxic and multidrug resistant Campylobacter spp.; therefore, there is a possible risk to human when dealing with the raw poultry carcass or consumption of undercooked chicken products. So effective vaccine against Campylobacter infection should be recognized to protect against infection by this group of organisms with appropriate hygienic measures during carcass slaughtering and processing. In addition, one of our future studies will be focused on developing strategies to decrease Campylobacter colonization in broilers chicken.
